To determine the diagnostic yield of multidetector computed tomographic (CT) angiography in the evaluation of patients presenting to the emergency department with acute blunt head and neck trauma to assess for arterial injury and to propose a practical scoring system for the identifi cation of patients at highest risk of arterial injury.
ations ( 6, 16, 17 ) . Similarly, high-impact mechanisms of injury (MOIs) have been associated with an increased risk of cerebrovascular injury, including highspeed motor vehicle accident (MVA), struck pedestrian, fall from a substantial height, and direct blows to the head or neck with a large object ( 22 ) .
Our study aims to determine the diagnostic yield of multidetector CT angiography in the evaluation of patients presenting to the emergency department with acute blunt head and neck trauma, and to propose a practical scoring system for the identifi cation of patients at highest risk of arterial injury.
Materials and Methods

Patient Selection
Our study was approved by the hospital's institutional review board and conducted in compliance with the Health Insurance Portability and Accountability Act; informed consent was waived for this retrospective study. One author (M.H.L.) is part of the medical advisory board and has received lecture honoraria from GE Healthcare (Waukesha, Wis), has received research support from GE Healthcare, and is a consultant for Co-Axia (Maple Grove, Minn), GE Healthcare, and Millenium Pharmaceuticals (Cambridge, Mass) . All authors had control of data inclusion and manuscript preparation that might present a confl ict of interest.
At our institution, the Denver screening criteria for blunt carotid and vertebral artery injury ( 10 ) are utilized as general guidelines to determine which blunt head and neck trauma patients should be evaluated with multidetector CT angiography to assess for A s a result of liberalized screening criteria, arterial injury is increasingly being recognized as a common entity in patients with blunt head and neck trauma . Owing to its increasing availability, rapidity of acquisition, lower cost, and favorable risk profi le compared with conventional catheter angiography, multidetector CT angiography is emerging as the favored initial modality in the evaluation of patients presenting to the emergency department with acute blunt head and neck trauma to assess for arterial injury.
Although a few studies ( 5, 6, 12 ) have reported a lower accuracy of CT angiography compared with catheter angiography for the detection of arterial injury in patients with blunt head and neck trauma, with the advent of multidetector CT angiography, the majority of studies assessing the accuracy of this modality have shown it to be equivalent to catheter angiography in this patient population (7) (8) (9) (10) (11) (12) 14, 15, (18) (19) (20) . At our institution, multidetector CT angiography has replaced catheter angiography as the initial modality in the evaluation of patients with acute blunt head and neck trauma to assess for arterial injury.
Prior studies have identifi ed cervical spine and skull fracture patterns that carry a high risk of cerebrovascular injury: fractures of the C1-3 vertebral bodies, fractures reaching the foramen transversarium, basilar skull fractures reaching the internal carotid artery (ICA) canal, and cervical spine sublux-
Implication for Patient Care
The proposed acute craniocervin cal trauma scoring system could be used as a guide in the selection of blunt trauma patients for evaluation with multidetector CT angiography to assess for arterial injury.
Advance in Knowledge
The proposed practical scoring n system based on the independent predictors of arterial injurycervical subluxations/dislocations, fractures lines reaching an arterial structure, and high-impact mechanisms of injury (1 point each)-identifi ed patients at highest risk of arterial injury in our patient cohort: 21.9% for patients with a score of 2 and 52.2% for patients with a score of 3. 
Results
From January 1, 2000 to January 31, 2009, a total of 891 patients presented to our emergency department with acute blunt head and/or neck trauma and were evaluated by using multidetector CT angiography of the cervical vasculature and the Circle of Willis within 24 hours of presentation. Sixty-one (6.9%) patients were excluded from the study reviewed by the neuroradiology fellow to determine the presence of cerebral ischemia in the vascular territory of an injured artery. All resident and fellow interpretations were compared directly with the existing radiology report, which was generated by an attending radiologist (unenhanced CT) or neuroradiologist (CT angiogram). If there was a discrepancy between the interpretation of the radiology resident or the neuroradiology fellow and the study's radiology report, then a neuroradiologist (J.M.R., with 10 years experience) was consulted to reach a consensus. A CT angiogram with positive results was defi ned as a study in which evidence of arterial injury was present. The arterial injury was graded according to the scale developed by Biffl et al ( 2 ) : Grade 1, mild vessel wall irregularity or dissection/intramural hematoma with less than 25% luminal narrowing; grade 2, intraluminal thrombus/intimal fl ap or dissection/intramural hematoma with 25% or more luminal narrowing; grade 3, dissection with pseudoaneurysm formation; grade 4, dissection with vessel occlusion; and grade 5, vessel transection or arteriovenous fi stula.
Statistical Analysis
Statistical analysis was performed by using software (SAS, version 9.1; SAS Institute, Cary, NC). After performtube current, 350 mA; tube charge, 120 kVp; and fi eld of view, 22 cm. A dose of 80-100 mL of nonionic contrast material was administered by using a power injector (ACIST Medical Systems, Eden Prairie, Minn) at a rate of 4-5 mL/sec in an antecubital vein either with a fi xed 25-second delay between the onset of contrast material injection and the start of scanning, or with Smart-Prep (GE Healthcare), a semiautomatic contrast bolus triggering technique. Standard maximum intensity projection images of the major cervical arterial structures were created by the three-dimensional laboratory.
Medical Record Review
Medical records were reviewed by either a radiology resident (H.R.K., with 2 years experience) or a neuroradiology fellow (J.E.D.A., with 4 years experience) for patient age, sex, and MOI. MOIs were categorized as hanging/strangulation, lowspeed MVA, high-speed MVA (including motorcycle accident), fall from standing, fall down stairs, fall from height greater than standing, high-force direct blows to the head or neck (including assault), struck pedestrian/bicyclist, or other blunt trauma to the head or neck.
For the purpose of this study, we considered high-speed MVA, struck pedestrian/bicyclist, fall from height greater than standing, fall down stairs, and high-force direct blows to the head or neck as high-impact MOIs.
Image Analysis
The unenhanced CT scans were reviewed by either the radiology resident or the neuroradiology fellow to determine the presence and location of (a) cervical spine interfacetal subluxations/dislocations; (b) major facial, skull, and cervical spine fractures; and (c) intracranial hemorrhage. Major facial fractures were defi ned as complex mandibular, Lefort II, or Lefort III. The CT angiograms were reviewed by the neuroradiology fellow to determine the presence of arterial injury. In patients with arterial injury identifi ed by using multidetector CT angiograms, subsequent magnetic resonance (MR) or unenhanced CT examinations were 
Unenhanced CT and Multidetector CT Angiographic Findings
Of 830 patients in our study, 249 (30%) were patients without major facial, skull, or cervical spine fractures; 232 (28%) were patients with fractures that did not reach the expected location of an arterial structure; and 349 (42%) were patients with fractures that reached the expected location of at least one arterial structure. Thirty-six (4.3%) patients had cervical interfacetal subluxations/ dislocations, all of whom had associated fractures of at least one articular process. Of note, there were 13 dislocated occipital condyle and 37 dislocated C1 ring fractures that reached the expected location of the ipsilateral vertebral artery's dural penetration.
We identifi ed injury to 118 arteries in 106 (12.8%) patients. The most commonly injured arterial structures were the right vertebral artery ( n = 37), left vertebral artery ( n = 35), and left ICA ( n = 23). Five (4.7%) patients had injury to both vertebral arteries, fi ve had injury to both ICAs (4.7%), and one had injury to both ICAs and the right vertebral artery (0.9%). There was no signifi cant difference between the mean age of patients with arterial injury (47.6 years) and those without (48.4 years; Student t test, P = .8). Table 2 provides a summary of the MOIs and the frequency of associated arterial injury for patients with and ( Fig 2 ) . Of note, two (15.4%) of 13 patients with occipital condyle fractures and fi ve (13.5%) of 37 patients with C1 ring fractures reaching the ipsilateral vertebral artery's dural penetration had vascular injury adjacent to the fracture line.
Diagnostic Yield of Multidetector CT Angiography in Different MOIs
In the skull base fractures that reached the ICA canal, those of the NEURORADIOLOGY: CT Angiography and Acute Craniocervical Trauma Delgado Almandoz et al petrous temporal bone (27.8%, 10 of 36) had a signifi cantly higher risk of injury to the adjacent ICA than those of the sphenoid bone (9.6% [11 of 115]; OR, 3.6; Pearson x 2 test P = .006). Figure 3 shows a patient who sustained a skull base fracture and bilateral ICA grade 3 injuries. Table 3 provides a summary of the unenhanced CT fi ndings and associated yield of multidetector CT angiography. Table 4 provides a summary of the overall frequency of injury to each of
NEURORADIOLOGY: CT Angiography and Acute Craniocervical Trauma
Delgado Almandoz et al rately, as well as to the entire patient population. Receiver operating characteristic analysis demonstrated no signifi cant difference in the AUCs between male (AUC, 0.74; 95% confi dence interval: 0.7, 0.78) and female (AUC, 0.69; 95% confi dence interval: 0.63, 0.74) patients ( P = .44). Table 7 summarizes, by group, the diagnostic yield of the proposed acute craniocervical trauma scoring system. location of an arterial structure ( Table 6 ). Three of four (75%) patients with a score of 0 and with arterial injury had fractures of the cervical spine not reaching the vertebral arteries, all of which had injury to the left vertebral artery. The other patient in this group had injury to the left ICA without major facial, cervical spine, or skull fractures. We applied this scoring system to both male and female patients sepathe major arterial structures according to the presence and location of fracture lines. Although the right vertebral artery was the most commonly injured vessel overall (4.5%, 37 of 830), the left ICA was the vessel most likely to be injured in patients without fractures (3.2%, eight of 249).
For multivariate logistic regression analysis, which was controlled for patient age, sex, and the presence of intracranial hemorrhage, the presence of a cervical interfacetal subluxation/dislocation ( P = .0002), a fracture line reaching the expected location of an arterial structure ( P , .0001), and a high-impact MOI ( P = .0044) were independent predictors of an increased risk of vascular injury identifi ed by using multidetector CT angiography in patients with acute blunt head and neck trauma. Table 5 summarizes the grades of vascular injury and the frequency of associated cerebral ischemia in our patient population. Follow-up MR and unenhanced CT were respectively performed in 59 and 25 (total, 79.2%) of 106 patients with arterial injury identifi ed at CT angiography. The injured arterial structures most commonly associated with cerebral ischemia were the left ICA (43.5%, 10 of 23), the right ICA (23.5%, four of 17), and the right vertebral artery (16.2%, six of 37). The majority of cases of cerebral ischemia resulted from grade 4 (48%, 12 of 25), grade 1 (24%, six of 25), and grade 2 (20%, fi ve of 25) injuries. However, the injury grades that had the highest risk of cerebral ischemia were grades 1 (28.6%, six of 21) and 4 (25.5%, 12 of 47).
Grades of Vascular Injury and Frequency of Associated Cerebral Ischemia
Proposed Acute Craniocervical Trauma Scoring System
We devised a practical scoring system for the prediction of a patient's risk of arterial injury on the basis of the three independent predictors of a higher yield of multidetector CT angiography in acute blunt head and neck trauma: the presence of a high-impact MOI, a cervical interfacetal subluxation/dislocation, and a fracture line reaching the expected 
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Delgado Almandoz et al risk of arterial injury in patients with fractures (17.9%) versus those without (10.6%). However, the risk of arterial injury in the absence of fractures in this patient group was almost as high as the average risk of arterial injury in the entire patient population (12.8%). Conversely, among patients with low-impact MOIs, there was a signifi cant difference in the risk of arterial injury between patients with fractures (11.3%) and those without (0.7%), with the fracture line reaching the injured arterial structure in 82.4% of patients. Notably, we found no cases of arterial injury in the 38 patients with attempted hanging or strangulation. Hence, patients with high-impact MOIs would merit multidetector CT angiographic evaluation to assess for arterial injury regardless of the presence of a fracture. However, patients with low-impact MOIs would merit multidetector CT angiographic evaluation only if there is a fracture reaching the expected location of an arterial structure or a high index of clinical suspicion. Among the different unenhanced CT fi ndings, we found the risk of arterial injury to be highest in patients with cervical interfacetal subluxations/ dislocations (44.4%), and fracture lines that reached either the foramen transversarium (22.8%) or the ICA canal (18.5%), which are similar to the results of prior studies ( 7, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . However, for cervical spine fractures reaching the foramen transversarium, we found that the risk for vertebral artery injury was signifi cantly higher in the lower cervical spine (36.3%) than in the upper cervical spine (12.3%). These fi ndings are similar to some of the prior multidetector CT angiographic studies that have reported specifi c cervical spine fracture levels for patients with vertebral artery injury ( 11, 14 ) , although Utter et al ( 18 ) and other catheter angiographic studies ( 6, 16, 17 ) have reported higher yields in patients with fractures of the upper cervical spine. Notably, we found the risk of vertebral artery injury to be particularly high in patients with fractures of the C5 vertebral body reaching the foramen transversarium (38.5%) and the risk of ICA injury to be highest in CT angiographic studies, which have reported yields ranging from 1.2% to 28.4% ( 7, (9) (10) (11) (12) (13) (14) (15) 18 ) .
Among patients with high-impact MOIs, there was a trend toward a higher
Discussion
The overall yield of multidetector CT angiography in our population of blunt head and neck trauma patients (12.8%) is in the range of previous multidetector Note.-Percentages are in parentheses.
* Includes patients with epidural, subdural, subarachnoid, and/or intraventricular hemorrhage. † There were 66 patients with a combination of major facial, cervical spine, and skull fractures, six of whom had all three. Major facial fractures included complex mandibular, Lefort II, and Lefort III. ‡ All patients with interfacetal dislocations had associated fractures of at least one articular process. § There were injuries to the vertebral arteries only. ¶ There were injuries to the ICAs only.
|| Includes one patient with injury to the ICAs only. The frequency of associated cerebral ischemia in patients with arterial injury in our population (21.2%) is in the range reported in prior multidetector CT angiographic studies, which have ranged from 0% to 66.6% ( 7, 9, 10, (12) (13) (14) (15) 18 ) . Hence, patients with arterial Note.-Percentages are in parentheses.
* Includes injuries to the right subclavian artery ( n = 3), external carotid artery branches ( n = 2), and the right middle cerebral artery ( n = 1, associated with cerebral ischemia). injury would merit evaluation with either MR or follow-up unenhanced CT to assess for associated cerebral ischemia. We propose a practical scoring system based on the independent predictors of a higher risk of arterial injury identifi ed with multidetector CT angiography, which could be useful in the identifi cation of blunt trauma patients who are at highest risk of arterial injury. Compared with existing blunt trauma screening criteria, such as the Denver screening criteria for blunt carotid and vertebral artery injury and the injury severity score, this scoring system's salient advantages are its (a) simple and expedient calculation immediately after review of the unenhanced CT examination, requiring only a minimum amount of clinical information (ie, MOI), and (b) ability to estimate the specifi c risk of arterial injury in a given blunt trauma patient. It is important to note that although the risk of arterial injury in our patient cohort was signifi cantly lower in patients with lower acute craniocervical trauma scores, this was not negligible (range, 1.9%-10.1%). The proposed acute craniocervical trauma score may serve as a useful adjunct to the aforementioned blunt trauma screening criteria when deciding whether to perform CT angiography in any given blunt trauma patient. Nevertheless, since this proposed scoring system was developed from a single patient cohort, it requires future validation in independent and/or prospective patient cohorts. This study's limitations were its retrospective design, the lack of follow-up MR and unenhanced CT examinations performed in all patients with arterial injury, the use of the intracranial hemorrhage pattern to exclude patients with nontraumatic hemorrhage, and the fact that the decision to perform NEURORADIOLOGY: CT Angiography and Acute Craniocervical Trauma Delgado Almandoz et al multidetector CT angiography was at the discretion of the clinical providers for some patients. The latter may have resulted in either an under-or overestimation of the reported frequency of arterial injury in our patient population because in some patients with arterial injury, there may have been an initial low index of clinical suspicion and they may not have been evaluated with multidetector CT angiography within 24 hours of presentation. Also, patients presenting with clinical symptoms suggestive of arterial injury may have been more likely to undergo multidetector CT angiographic evaluation. Similarly, the reported frequency of associated cerebral ischemia in patients with arterial injury in our study may also have been either under-or overestimated because not all patients with arterial injury underwent subsequent MR or unenhanced CT. Also, patients who developed symptoms of cerebral ischemia may have been more likely to undergo these examinations. Finally, as a result of our institution's clinical practice, this study did not use catheter angiography as a reference standard; thus, some patients with subtle intimal injury may not have been identifi ed and some of the CT angiograms in this study may constitute false-positive results. However, the majority of prior studies that have directly compared multidetector CT angiography with catheter angiography have shown that multidetector CT angiography is a highly sensitive and specifi c imaging modality in the evaluation of blunt trauma patients for cerebrovascular injury (7) (8) (9) (10) (11) (12) 14, 15, (18) (19) (20) .
In conclusion, multidetector CT angiography identifi ed arterial injury in 12.8% of blunt head and neck trauma patients, and those with cervical subluxations/dislocations (44.4%), fracture lines reaching an arterial structure (22.1%), and high-impact MOIs (16.5%) had a higher risk of arterial injury. The proposed acute craniocervical trauma scoring system could be used to select patients for multidetector CT angiographic evaluation. Future validation of this scoring system is necessary.
